From these data we could make clear the features of the variation of waves with distance as well as with time, and it was proved that the theory of Cauchy-Poisson wave explains these waves satisfactorily. It was also shown that these waves were caused by an initial impulse rather than by an initial elevation at the moment of explosion, and that the waves progressed with group velocjty.
From these data we could make clear the features of the variation of waves with distance as well as with time, and it was proved that the theory of Cauchy-Poisson wave explains these waves satisfactorily. It was also shown that these waves were caused by an initial impulse rather than by an initial elevation at the moment of explosion, and that the waves progressed with group velocjty.
In order to understand two kinds of tsunami waves, one of which shows a conspicuous beat phenomenon while the other does not, discussions were made on the effect of initial impulse of different types.
Introduction
In the previous papers [1] , we investigated peculiar tsunami waves caused by the eruption of Myojinsho Reef on the 16th, the 24th and the 26th of September, 1952, which were recorded by the wave gauge installed on Hachijojima Island, and
showed that the Cauchy-Poisson wave actually exists in the ocean. However, since our discussions were based on the data at only one station, the theory was not.
verified by observations as to the change of the wave with distance. Table 1 . When wind waves and swell due to cyclones prevail, it is difficult to detect the tsunami wave out of wave records, because the period of the tsunami wave is long and its wave-height is comparatively small. Accordingly, the actual frequency of our wave seems to be more than what is shown in Table 1 .
Of these records, twelve cases show a conspicuous " beat " and the duration of tsunami is very long, while the remaining cases do not show any beat phenomenon. and the duration of tsunami is short. Fig. 2 (D) and (E) are representative examples of these waves, observed at 21h on the 22nd and at about 01h on the 20th of March, respectively. So far as the tsunami waves which occurred in the said March.
are concerned, except that on March 11, tsunami waves observed at Hachijojima
Island were not recorded by the wave gauges of the stations at Cape Omaezaki and Jogashima Island, and this may be due to the fact that the wave was too faint to appear at these stations.
In our first paper [1] it was said that at Cape Omaezaki and Jogashima Island no tsunami waves accompanying the eruptions of Myojinsho From the theory it is known that the wave-height decreases with time, showing a phenomenon of beat as clearly seen in Fig. 1 (D) and (F) of the second paper [2] . In Table 1 , we can find nine examples showing conspicuous "beat ". In this table are also shown the maximum wave-heights H1, II, and H3 in the first, second and third wave groups, respectively, which appeared as the consequence of beat and are separated from each other by nodes.
In every case we have calculated the values of 1121H1 and 113IH1, which mean the rate of decrease of wave-height.
The averaged values of them are given in Table 2 , Theoretical values can be calculated by (3) or (4) according to the case of initial impulse or initial, elevation, and are shown also in the table.
In the theoretical calculation we used -130km
and 1 or L=2. 2km.
Strictly speaking, the time of occurrence of the actual maximum wave-height does not always agree with the theoretical one, but we did not consider it. According to Table 2 , the agreement between theory and observation is quite satisfactory in the case of initial impulse.
In the second paper [1] we stated that the action of initial impulse, rather than that of initial elevation, seems to have been effective on the formation of our waves at the moment of explosion at Myojinsho Reef. Here we could prove the correctness of our judgement.
At Jogashima Island and Cape Omaezaki, the rate of decrease of wave-height could not be determined so distinctly as at Hachijojima Island on account of small wave-height and obscure beat, as shown in Fig. 2 (A) and (B) . Roughly speaking, however, at Omaezaki the decrease of wave-height seems to have been slower than it is shown in for the case of initial impulse than for the case of initial elevation, and that it endorses the result stated at the beginning of the present section.
Two kinds of tsunami waves
According to equation (3), which is represented in Fig. 1 (D) Of the second paper [1] , the wave-height increases gradually with time in the first stage. In actual cases, however, the wave tends to begin suddenly with considerable amplitude and with a period of about 90 seconds, as shown in Fig. 2 (D) and (E) of the present paper and Fig. 2 (A) , (B) and (C) of the first paper [1] . A part of the causes of this disagreement may be attributed to the fact that our solution is only an approximate one under the condition that g121 is large, and also to the fact that wind-4T ,7 2 waves and swell frequently happen to conceal the tsunami wave in the first stage, because the latter is too small.
But this is not enough to make the question clear. Further, referring to Table 1 , it is seen that in some cases the wave shows a conspicuous beat phenomenon, while in other cases no beat occurs. Each of their examples is shown in Fig. 2 (D) and (E), respectively. Thus it appears that there
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According to equation (7) In the first stage. the wave-height given by increases gradually, while the wave-height given by r suddenly reaches its maximum value. Accordingly, by (8) and (9) , which are shown by the curves CI and Two insets (A) and (B) reprasent the distribution of iniiial impulse given by (2) and (6) , respectively. assuming a suitable distribution of initial impulse, we shall be able to explain the fact that the wave under consideration occurs suddenly at a certain time with a considerable amplitude and with a given period.
Moreover, the wave represented by n shows a beat phenomenon and its duration is long, while that represented by does not show a beat and its duration is short. Accordingly, it is considered that the type of waves accompanied by a conspicuous beat and represented by Fig. 2 (D) may have been produced by an initial impulse whose distribution is something like (2) . On the other hand, another type of wave which shows no beat and represented by Fig. 2 (E) may have been due to an initial impulse whose distribution is rather near to (6) . In order to complete our idea, it is most desirable to find the form of initial impulse which causes such tsunami wave as in Fig. 5 , but we could not do it.
According to Table 1 , the time i" elapsed since the occurrence of the first wave till that of the first node is almost thirty minutes in all the cases amounting to twelve in number. Referring to the theory given in the previous paper, this.
means that the area affected by an initial impulse was nearly of the same magnitude, in all the cases, its radius 1 being about 2.2 km.
Volocity of tsunami waves
In the first paper, we could not ascertain that the wave progressed with group velocity as the theory demands, owing to the fact that there was not much difference between the phase velocity and the group velocity while the distance of travel was not sufficiently large, and that the accuracy of the time-marks was not necessarily satisfactory.
In the case of March 11, 1953, the mean velocity of propagation of the wave C obtained from the observations is as shown in Table 4 . In this table are also shown the values of the phase velocity C and the group velocity C, of a medium wave (elliptic trochoidal wave) given by Now, comparing C with C or CO3 it seems that in the case of Jogashima Island the wave progressed with group velocity rather than with phase velocity.
In the 'case of Omaezaki, however , it appears that we can not give any decision as to whether the wave traveled with group velocity or with phase velocity.
In order that we can give a decisive answer to this question, it is necessary above all that the time of start of the wave from its source or the time of the corresponding explosion at Myojinsho Reef is accurately known, but as mentioned in Section 2, there exists •a kind of uncertainty as to this point . Such being the case, the present tsunami data are also insufficient for the solution of our question. The present section has only be added by way of a suggestion.
Moreover, referring to the above table, it can be seen that the group velocity •C" of deep-water surface wave is near to C or the actual velocity of propagation of the wave.
This fact suggests that we can not so unreasonably go on with our .discussions by assuming the wave to be a deep-water one as already pointed out in the first paper [1] . The wave-length X of these waves is more than ten killometers 7. Nature of volcanic eruptions which caused tsunami waves It has already been proved in Section 4 that our tsunami waves were produced by an initial impulse at the moment of explosion at Myojinsho Reef. According to On the other hand, it is seen that eruptions occurred frequently even when no tsunami wave was recorded as stated in Section 2. Strictly speaking, this fact was recognized even in September, 1952, as stated in the first paper [1] .
The above facts suggest that the eruptions which changed the features of the reef are of a different kind from the eruptions which caused tsunami waves, though in some cases they may be active in both actions. The latter action will be most violent when the eruption occurs under the sea and with strong impulse. That a 'strong impulse really acts on the water surface at the moment of an explosion of 150S.
Unoki and M. NakanoVol. jr Nos. 3-4 a submarine volcano is confirmed by the fact that a vessel which happened to pass over a submarine volcano in explosion received a violent shock, a "sea-shock" as it is called.
Moreover, according to Table 1 
